A revision of the large-celled costate and ecostate species of Fissidens subgenus Aloma Kindb. from tropical Africa is presented. Fissidens flaccidus var. mammillosus Brugg.-Nann.
Introduction
Fissidens subgenus Aloma Kindb. embraces a wide range of gametophytic types (Pursell & Bruggeman-Nannenga 2004) . Five not sharply distinct groups can be recognized: one without costa, one with large (over 30 µm long) cells, one with pluripapillose cells, one with unipapillose cells and one with smooth cells. Because of the existence of transitional species, these groups are no longer recognized as taxa (Pursell & Bruggeman-Nannenga 2004) . Fissidens subgenus Aloma includes elimbate, semilimbate and a few completely limbate species, and the laminal cells are small, mediumsized or large. Ecostate species as well as species with large (30 µm long or more) laminal cells are restricted to this subgenus. A notable exception is the African F. subgenus Fissidens Hedw. species F. magnicellulatus Brugg.-Nann., which also has cells 30 µm long or more. This species is therefore included in the key below. All ecostate species have large cells but not all large-celled species are ecostate (Pursell & Bruggeman-Nannenga 2004) . The present paper is a revision of those tropical African species of subgenus Aloma that have large (longer than 30 µm), smooth laminal cells. It includes both costate and ecostate species. In one species, F. zollingeri Mont., large cells are restricted to the vaginant lamina. With the exception of F. usambaricus Broth., all included species are limbate. Apart from their large cells, limbate, costate species bear a strong resemblance to subgenus Fissidens, which is characterized by limbate leaves and smooth laminal cells but has small to medium-sized cells and a different sporophyte.
This paper follows the classification by Pursell and Bruggeman-Nannenga (2004) , who emphasized sporophytic characters. They considered large-celled limbate species to belong in subgenus Aloma, as they have Aloma sporophytes, 1 and classified limbate species with small, smooth cells in subgenus Fissidens because of their subgenus Fissidens sporophytes.
2 Iwatsuki (2007, 2012) , on the other hand, emphasized gametophytic characters. They classified ecostate species in subgenus Aneuron Kindb., and limbate, costate species with smooth cells, regardless of cell size and sporophytic characters, in subgenus Fissidens. It will be interesting to learn what fresh characters such as DNA will contribute to this question.
During this revision some challenging differences were found between the data in the monograph on Neotropical Fissidentaceae (Pursell 2007) and what is seen in Africa. Some of these have resulted in taxonomic decisions. A problem concerning F. palmatus Hedw. and F. grandifolius Broth. & P. de la Varde is discussed, but remains unsolved; hopefully this discussion will stimulate further research.
Practical remarks
It is self-evident that morphological taxonomic research needs to be based on comparisons of equivalent characters. In Fissidens the vegetative and perichaetial stems are different and have different leaves. Therefore, perichaetial stems (and leaves of perichaetial stems) are to be compared with perichaetial stems (and leaves of perichaetial stems), whereas vegetative stems (and leaves of vegetative stems) should be compared with other vegetative stems (and leaves of vegetative stems). In medium-sized and long stems all mid leaves have more or less the same shape and size. This makes such leaves most suitable for comparison. In short stems the leaf size increases rapidly up the stem, so comparison of these with leaves of longer stems will be problematic. One also needs to be cautious when comparing laminal cells. Nearness to the costa, the stem and the limbidium induces differentiation (cells become larger, more oblong and less ornamented). Moreover, whereas inner cells of the dorsal and apical lamina are similar, inner vaginant laminal cells tend to differ.
The 'distributions' in the present paper are supported by specimens examined for this paper or 2 Capsule with 40 or more columns of exothecial cells and a bryoides-type peristome.
else their source is indicated. Distributions of some species are extended and/or had to be amended. No differentiation is made between the terms 'mammillose' and 'unipapillose'. Trans-sections of these large-celled species are best examined in 5% KOH, which makes them swell beautifully.
I. Ecostate species
Ecostate species represent a remarkable gametophytic group within subgenus Aloma, with large laminal cells and with central strands lacking or weakly developed. These species appear ecostate, yet many have or can have vestigial costae (Salmon 1899; Pursell & Bruggeman-Nannenga 2004) which occasionally can reach as far as the length of the vaginant lamina (e.g., in Müller Z215, F. usambaricus and the lectotype F. enervis Sim) . Such weak costae have the same arrangement of cells as the bryoides-type costa with two large adaxial and one large central cell, but differ from well-developed bryoides-type costae in having thinner cell walls and absent or poorly developed lateral bands. Thus the ecostate species are not sharply distinct from the costate species. Ecostate species resemble costate subgenus Aloma species with large inflated cells. Many of these have costae that are short for the genus (Pursell & Bruggeman-Nannenga 2004) . Like other subgenus Aloma species, ecostate species typically have capsules with ± 32 columns of exothecial cells and scariosus-type peristomes (Pursell & BruggemanNannenga 2004) .
It is interesting that not only the laminal cells but all or most gametophytic cells (e.g., cortical cells of the stem and cells of the calyptra) are inflated, whereas sporophytic cells are not. Limbidial cells are inflated in some species (e.g., F. metzgeria), but not in, for example, F. dealbatus, F. enervis and F. hyalinus Wilson & Hook. Ecostate species can form dense mats but they frequently grow scattered among other mosses. Stem in cross section without or with weakly developed central strand and 20-50 µm wide cortical cells, unbranched, with pinnately or, infrequently, elongated palmately arranged leaves, not heterocaulous, (1.5-) 3.0-6.5 × 1.0-3.0 mm, browning in KOH; rhizoids basal, colorless to pale brown, less often orange-brown, smooth; axillary nodules not differentiated; leaves typically distant, 6-10 leaf pairs, somewhat crispate when dry, elliptical with acute-acuminate or less often acute apex that ends in a narrow pointed cell, 0.9-2.3 × 0.2-0.6 mm, 2.5-5.0 times as long as wide, limbate; limbidium on all laminae, confluent at leaf apex, confluent at apex of vaginant lamina or not, reaching insertion of dorsal lamina, almost to completely reaching insertion of vaginant lamina, in mid dorsal lamina (4.5-)6.0-19.0 µm wide, 1-7-stratose (see remark below), marginal; on vaginant laminae 6.5-11.0 µm wide, 1-5-stratose, marginal; vaginant lamina 1/3-3/5 of leaf length, at insertion up to half as wide as stem, closed to ± closed, unistratose; dorsal lamina wide, tapering and straight to slightly rounded towards insertion, typically reaching insertion, not decurrent; dorsal and apical lamina unistratose, rarely with isolated, unicellular bistratose dots; costa ± lacking, in surface view sometimes visible as differentiated band alongside vaginant lamina; mid dorsal laminal cells hexagonal, 22.5-77.0 × 16.0-33.5(-48 .0) µm, smooth, plane to inconspicuously bulging; mid vaginant laminal cells narrower, 45.0-95.0 × 12.0-30.5 µm; no gemmae observed.
Fissidens dealbatus
Fertile parts, perigonia and perichaetia terminal on separate plants in same collection. Perigo nia terminal on 1.5-3.0 mm long perigonial plants; antheridia 210 µm long; perichaetia terminal, perichaetial leaves 1.5-2.6 mm long; archegonia 200-290 µm long; calyptra tightly clasping operculum, scabrose, 0.6-0.8 mm long. Sporophyte. Seta 4-6 mm long, smooth, 1 per perichaetium; capsule symmetrical, 0.90-1.00 × 0.40-0.55 mm, 40-64 columns of oblong exothecial cells; peri stome scariosus-type (basal part and filaments observed), teeth 56-60 µm wide at base; operculum rostrate, 0.8-0.9 mm long; spores 9.5-13.5 µm diam., smooth.
Fissidens dealbatus is characterized by its thecae with 40-64 columns of exothecial cells (exceptionally high for subgenus Aloma), distinct, narrow, 1-7-stratose limbidia of narrow (lumina ± 1 µm wide) limbidial cells, ecostate leaves that are limbate on all laminae, and large laminal cells. The disparity between the large inflated laminal cells and the narrow limbidial cells in this species is striking. This is particularly clear in trans-sections (Fig. 1J, K Remarks. Previously, F. molliculus (Bizot & Pócs 1979) and F. hedbergii (BruggemanNannenga 1997) were considered to be F. ener vis. Most specimens were re-examined during the preparation of the present paper. Many specimens earlier identified as F. enervis appeared to differ from that species by having limbidia thicker than 1-2 layers and in having 40 or more columns of exothecial cells (versus ± 32 in F. ener vis) . Of the African material studied, only the type specimen could be retained in F. enervis. Comparison of tropical African collections with acute-acuminate apices, 40 or more columns of exothecial cells and pluristratose limbidia with F. dealbatus from New Zealand and Guadalcanal showed the African collections to be conspecific with F. dealbatus Hook. f. & Wils.
No trans-sections were made of the type of F. hookerioides. Its limbidia were estimated to be pluristratose. Sporophytes were lacking.
In F. dealbatus the limbidia often 'fold' around the laminal cells and then are not truly pluristratose (e.g., Fig. 1L , which in the present paper has been interpreted as 7-stratose). Substrate and habit. On soil, rarely on rocks, once on soil-covered wood. Growing scattered among other mosses or less often in pure mats.
Habitat. In all kinds of forests (montane rainforest, montane cloud forest, montane evergreen forest, mesic montane forest, submontane rainforest, bamboo forest); also collected in Philippia heath with remnants of montane evergreen forest and in a Eucalyptus plantation.
Elevation. In Africa known from 950-2500 m a.s.l.; in New Zealand from 0-900 m a.s.l. (Beever et al. 2002) . (Beever et al. 2002) and the New Hebrides (Iwatsuki & Suzuki 1995 Illustrations: Beever et al. (2002: 28; 2014: fig. 10 ), Bruggeman-Nannenga (2006a: fig. 7a -c, as F. enervis), Chuah-Petiot (2003: fig. 30 , as F enervis, but the shape of the apex indicates F. dealbatus rather than F. enervis), Salmon (1899: figs 13-15), Stone (1986: fig. 3 ), Seppelt & Stone (2016: F. dealbatus Stem in cross section without central strand (based on Indian specimen), unbranched, with pinnately arranged leaves (only fertile stems seen), ± 3.0 × 1.0-2.5 mm; rhizoids basal, from lower stem cortex and from apical part of lamina, hyaline or brown, smooth; leaves distant, to 7 pairs, crispate when dry, elliptical with cuspidate tip, 0.95-1.70 × 0.25-0.40 mm, 3.5-5.0 as long as wide, limbate; limbidium ± confluent at leaf apex, confluent at apex of vaginant laminae, reaching insertion of dorsal lamina, in upper leaves ending well above insertion of vaginant lamina, in lower leaves sometimes reaching insertion, in mid dorsal lamina 7.5-14.5 µm wide, more than unistratose (estimated); on vaginant lamina, 20 µm wide, 1-3-stratose (based on Indian specimen), marginal throughout; vaginant lamina ca 1/2 of leaf length, at base less wide than stem, slightly rounded at insertion, not decurrent, unistratose, subequal; dorsal lamina ± straight towards insertion, reaching insertion, not decurrent, dorsal and apical lamina unistratose; costa lacking or vestigial, composed of narrow cells, reaching to half the length of vaginant lamina, lacking in lower leaves (no cross sections seen); mid dorsal laminal cells plane, 32-67 × 15-30 μm; mid vaginant laminal cells large, plane, 51.5-54.0 × 18.5-25.5 μm. Gemmae, some leaves produce rhizoids from apical part (Fig. 2 D) .
Fertile parts. Perigonia terminal on small, ca 1.5 mm long, stems; antheridia 230-250 µm long; perichaetia terminal, perichaetial leaves ± 1.3 mm long; archegonia not seen; calyptra not seen. Sporophyte, seta ± 4 mm long, smooth, 1 per perichaetium; capsule symmetrical, 0.5-0.7 × 0.25-0.40 mm, ± 32 columns of quadrate-oblong exothecial cells; peristome scariosus-type, tooth base ± 33.5-43.0 µm wide; operculum and spores not seen.
Fissidens enervis is a rare species known from a few small collections. It is characterized by its cuspidate leaf apex, (±) ecostate leaves and large laminal cells. Rhizoids (hyaline, green or brown) growing from laminal cells are frequently present (seen in the type specimen as well as in Indian specimens). It strongly resembles F. hyalinus (not known from Africa). These two species may eventually prove to be conspecific. In this paper I take a conservative stand and consider specimens with unistratose limbidia and acute to acute-acuminate leaf apices to be F. hyalinus, and specimens with 1-2-stratose limbidia and cuspidate apices to be F. enervis. In Africa Fissidens enervis has been confused with F. dealbatus (see under this species). Sporophytic specimens are clearly distinct. Fissidens enervis has a smaller number of columns of exothecial cells (32 versus 40 or more in F. dealbatus). Gametophytic stems differ in the shape of the leaf apex (cuspidate in F. enervis and acute to acute-acuminate in F. dealbatus) and in having thinner limbidia (limbidia of F. dealbatus are 1-7-stratose). Rhizoids growing from laminal cells are present in all known collections of F. en ervis but have not been observed in F. dealbatus. Unfortunately, capsules are frequently lacking and the collections are often too small to make trans-sections. In such cases the thickness of the limbidium is estimated from a surface view, which is unreliable.
Remarks. Distribution (amended). Southern Africa (South Africa), Russia? (Ignatov et al. 2007) , India (Western Ghats). Rare.
To the extent that it could be checked, the African distribution of F. enervis in O'Shea (2006) refers, with the exception of the type specimen, to F. dealbatus. The F. hyalinus with 1-2-stratose limbidia and cuspidate apices in Ignatov et al. (2007) seems to refer to F. enervis. Sim (1926: 18.900 Stem without or with weak central strand, not heterocaulous, with pinnately arranged leaves, unbranched, 5.0-21.0 × 1.5-5.0 mm, browning in KOH or not; rhizoids basal and from cortex of basal part of stem, brown, smooth; axillary cells not differentiated; leaves shiny, distant to close, up to 15 pairs, slightly crispate when dry, flattening when moistened, elliptical to elliptico-lanceolate with acute to acute-acuminate apex, 1.5-4.0 × 0.3-0.7 mm, 3.0-5.5 times as long as wide, margin entire to undulate-entire, limbate; limbidium on all laminae of all leaves, ill-defined, lax, ± reaching apices of leaf and vaginant lamina, reaching insertions of vaginant and dorsal laminae, in mid dorsal lamina 10.5-33.5 µm wide, unistratose, mar ginal; on vaginant laminae weak, up to 56 µm wide, unistratose, mar ginal to weakly intramarginal; vaginant lamina 1/2 (-3/5) of total leaf length, about half as wide as stem at insertion, slightly open, unistratose; dorsal lamina tapering towards base, straight, reaching insertion, not to inconspicuously decurrent; dorsal and apical lamina unistratose, infrequently with scattered, unicellular bistratose dots; costa lacking, rarely weakly developed; mid dorsal laminal cells oblong-hexagonal, 55.0-120.0 × 15.0-53.5 µm, plane to inconspicuously convex, smooth; limbidial cells in mid dorsal lamina 130-150 × 5-12 µm with slightly thicker walls than inner cells; mid vaginant laminal cells oblong-rectangular 75-152 × 5-24 µm. Clusters of gemmae frequently present on lamina, particularly near apex, less often growing from stem cortex; gemmae brown, unbranched to heavily branched, multi-cellular.
Fertile plants rare, perigonial and perichaetial stems hardly differ from vegetative ones, easily overlooked. Perigonia, perichaetia and synoicia terminal; perigonial plants up to 6 mm long, an theridia 210-500 µm long; perichaetia terminal, perichaetial leaves hardly longer than stem leaves, 1.5-4.0 mm long, archegonia 200-450 µm long; calyptra tightly clasping operculum, 0.65-0.70 mm long, smooth to scabrose. Sporophytes (only 2 very young ones seen), 2 per perichaetium. Substrate and habit. On soil, less often on rocks, living or dead wood. Often scattered among other mosses, rarely in mats or tufts.
Habitat. On banks of paths, roads and streams in humid, shady to swampy sites and also near waterfalls. In all kinds of forest (montane and submontane rainforest, montane cloud forest, dry semi-deciduous forest, swamp forest, both pristine and secondary).
Elevation. 360-2300 m a.s.l. Stem without or with weak central strand, not heterocaulous, mostly unbranched, 3.0-9.0(-15.0) × 1.5-3.0 mm, with pinnately arranged leaves; rhizoids basal, infrequently from mid stem cortex, brown to hyaline; axillary cells not differentiated; leaves green, distant, 5-15 pairs, hardly altered to crispate when dry, broadly elliptical to broadly elliptico-oblanceolate or oblong with widely acute to obtuse or rounded-obtuse apex, 0.9-1.5(-2.1) × 0.4-0.6(-0.7) mm, 2-3 times as long as wide, elimbate, margin subentire, near apex sometimes serrulate; vaginant lamina 2/5-3/5 of total leaf length, narrow, at insertion narrower than stem, slightly unequal, unistratose, infrequently with scattered unicellular bistratose dots; dorsal lamina Fertile parts. Gametangia (perigonia, perichaetia and synoicia) terminal; perigonial stems 0.5-2.3 mm long; antheridia 180-230 µm tall; perichaetial and synoicial stems 3-5 mm tall; archegonia ± 300 µm long; perichaetial leaves 1.85-2.20 mm long; calyptra tightly covering rostrum, smooth to slightly bulging. Sporophytes rare. Substrate and habit. Mostly on soil, less often on rock, termite mounds or wood. Growing scattered among other mosses, rarely in loose or dense mats or tufts. Easily overlooked.
Habitat. Usually collected on shady banks and road cuts, also found near a waterfall, on rock in streamlet and bank of stream. Known from dry semi-deciduous forests, mesic montane forests and rainforest (lowland, submontane and montane), also from an Afro-montane forest, woodbush, and from Pinus plantations. Many labels give no details.
Elevation. 25-2400 m a.s.l. fig. 35 ), Magill (1981: fig. 8-13 ), Salmon (1899: fig. 16 5a. F. flaccidus var. flaccidus Fig. 5A -M Stems without or with weak central strand, browning in KOH, hardly heterocaulous, mostly unbranched; vegetative stems 1.4-13.0 × 0.7-4.0 mm (sporophytic/perichaetial stems 5-10 × 2-3 mm); rhizoids basal and from stem cortex, pale to dark brown, smooth; axillary nodules not differentiated; leaves pinnately, less often frondosely arranged, distant, less often close, 5-15(-32) pairs, strongly crispate to hardly altered when dry, usually flattening in 5% KOH, elliptical, ellipticolanceolate and elliptico-oblanceolate with acute to acute-acuminate apex ending in pointed colored cell, (0.6-)0.8-2.8 × 0.10-0.70 mm, 3.5-7 times as long as wide; limbidium on all laminae of all well-developed leaves, reaching leaf apex, often becoming weak towards leaf apex (Fig. 5G) , occasionally confluent into ecostate mucro (Fig. 5H) , confluent at apex of vaginant laminae, mostly reaching insertion of dorsal lamina, on vaginant lamina often becoming lax and indistinct proximally and reaching insertion or not, on mid dorsal laminae 8-21(-27) μm wide, 1-2-stratose, marginal; on mid vaginant lamina (11.0-) 14.5-27.0 (-50.0) µm, 1-2-stratose, near insertion marginal or weakly intramarginal; vaginant lamina 1/2-3/5 of leaf length, at base less wide than stem, frequently slightly decurrent (best visible with KOH; Fig. 5J ), unistratose, ± closed; dorsal lamina narrow, straight to slightly rounded at insertion, reaching insertion, not decurrent; dorsal and api cal lamina unistratose; costa ending 7-21 cells below leaf apex, in cross section of bryoides-type; mid dorsal laminal cells (18. Fertile parts, perigonia and perichaetia on separate plants, perigonial plants 2-3 mm long, hardly differentiated and easily overlooked, perigonia terminal, antheridia ± 250 μm long; perichaetia terminal on plants or, less often, on branches; perichaetial leaves longer than stem leaves (1.3-)1.7-3.0 mm long; archegonia 200-380 µm long; calyptra not seen. Sporophyte, seta 2-5 mm long, smooth, 1 per perichaetium; capsule erect, 0.50-0.65 × 0.35-0.45 mm with ca 32 columns of quadratic-oblong, exothecial cells with thickened corners; peristome scariosus-type (only basal part seen), tooth base 54.5-56.5 µm wide; operculum long-rostrate, 0.5 mm long; spores 12.5-18.0 µm diam., finely papillose.
Fissidens flaccidus var. flaccidus is character-
ized by its completely limbate leaves, (1-)2-stratose limbidia, smooth, large cells (in mid dorsal lamina, at least some 30 μm or more long), short costae ending 7-21 cells below the leaf apex, and (0.6-)0.8-2.8 mm long leaves. Multicellular gemmae on short, axillary rhizoids are often present. Archegonia are frequently present but sporophytes are rare. Variability. Typically the laminae are unistratose and the limbidia 1-2-stratose. Müller E 201 is a robust expression in which all laminae have unicellular bistratose dots and the limbidia are 2(-3)-stratose near the insertion of vaginant laminae. Fissidens flaccidus var. flaccidus is most likely to be confused with F. grandifolius, which differs by having inclined capsules, 1-4 setae per perichaetium, axillary perigonial buds and dwarf male plants at the base of perichaetial stems (terminal in F. flaccidus). The few sporophytic plants of F. flac cidus observed [type-specimen of F. bocarangen sis; Stone (1988) (Magill, 1981) . The minute F. minutifolius has longer costae which reach the leaf apex. The South African species F. wageri Dixon and F. splachnifolius Hornsch. similarly have large cells and short costae, but are easily distinguished by their elimbate leaves (Magill 1981) . Outside Africa, F. flaccidus resembles the Neotropical F. dissitifolius Sull. that differs by having shorter limbidia which end below the leaf apex and having smaller laminal cells [(13.9-) Fissidens flaccidus, F. mollis and F. macera tus. Fissidens mollis, a species from the Neotropics, was considered conspecific with F. flaccidus by Bruggeman-Nannenga and Pursell (1995) . During the present study it appeared that the African specimens, including the type specimen of F. flaccidus, differ essentially from Pursell's (2007) diagnosis by having thinner limbidia [(1-)2-stratose rather than 2-4-stratose] and shorter leaves (up to 2.8 mm versus up to 5.0 mm long). Moreover, whereas in the Neotropics the costae vary between ending as many as 18 cells below the leaf apex to percurrent (Pursell 2007) , the costae of African collections always end well below the apex. Neotropical specimens agreeing with Pursell´s diagnosis (long leaves and thick limbidia confluent at the apex) include the type specimen of F. mollis. Therefore this species is here reinstated. Both species have limbate leaves and large cells, and frequently have axillary, multicellular gemmae. Fissidens flaccidus s.str. is also known from the Neotropics (for an example see examined specimens). Its distribution in the Neotropics is unknown. Fissidens maceratus Mitt. was correctly subsumed under F. flaccidus (Pursell 1997 fig. 8 ), Bruggeman-Nannenga & Arts (2010: fig. 23 ), Eddy (1988: fig. 82, as F. atroviridis) , Iwatsuki & Suzuki (1982: pl. V, as F. splachnobryoides), Li (1985: fig. 2a-j, as F. splachnobryoides) , Potier de la Varde (1937: fig. 1, as F. ensifolius) Diagnosis. The new variety differs from var. flaccidus by its mammillose (low-conical with inconspicuously thickened apical area) laminal cells. The mammillae are best observed in leaf folds or in surface view. In cross section they are hard to observe. The new variety resembles the smaller F. lindbergii Mitt. from Central and northern South America. Stone (1988) described and figured a similar-looking Fissidens from Queensland without naming it, but the mammillae in her figure do not have a thickened apex.
Substrate, habit and habitat. In tuft on wall of culvert in deep shade; semiaquatic (covered by diatoms).
Distribution. African endemic. Sierra Leone, known from the type locality only. Stem without or with weak central strand, mostly unbranched; vegetative stems, frondose to elongate-frondose, variable in size, (1.5-)2.5-5.0 × 1.0-4.0 mm, unbranched; sporophytic stems taller, 4-8 × 3-5 mm, with frondosely to pinnately arranged leaves; rhizoids basal and from stem cortex, brown to hyaline, smooth; axillary nodules not developed; leaves close, less often distant, 4-9 pairs, shriveled and crispate when dry, not well flattening in water, flattening in 5% KOH, elliptical, ellipticolanceolate to elliptico-oblanceolate with acute to acute-acuminate apex, ending in large pointed cell, limbate, in vegetative stems (1.0-)1.6-3.2 × 0.3-0.7 mm, 3.5-6.5(-7.5) times as long as wide; in sporophytic stems 3.3-3.9 × 0.5-0.6 mm, 5.5-7.8 times as long as wide; limbidium on all laminae of all well-developed leaves, confluent at leaf apex, often becoming weak towards leaf apex, confluent at apex of vaginant laminae, becoming weak towards insertion of vaginant lamina, reaching or ± reaching insertion of dorsal lamina; in mid dorsal lamina 11-32 µm wide, 1(-2)-stratose, marginal, on vaginant laminae (13-)16-43 µm wide, 1(-2)-stratose, marginal to weakly intramarginal; vaginant lamina 1/2-3/5 of leaf length, at base narrower than stem, closed to ± closed, unistratose; dorsal lamina narrow, straight to slightly rounded at base, reaching insertion, not decurrent, dorsal and apical lamina unistratose; costa ending 10-26 cells below leaf apex, weak in upper part, in lower leaves not always exceeding length of vaginant laminae, in cross section bryoides-type; mid dorsal laminal cells hexagonal, large, variable Fertile parts, perigonia and perichaetia on same stem, perigonia frequent, terminal on axillary, stalked (Fig. 6 I, J) , budlike, 0.3-0.7 mm long (including stalk) branches and on tiny plants at base of perichaetial plants; antheridia 150-180 μm long; perichaetia terminal, perichaetial leaves (1.8-)3.3-4.0 mm long, archegonia 150-300 µm long; calyptra 0.7 mm long, smooth. Sporophyte, seta 5-10 mm long, smooth, 1-4 per perichaetium; capsule oblique, small, 0.4-0.6 × 0.2-0.35 mm, with ca 32 columns of exo thecial cells with strongly thickened corners; peristome scariosus-type, tooth base 50-54 µm wide; operculum 0.5 mm long (immature); spores subglobose, 9.0-14.5 µm long, faintly papillose.
Fissidens grandifolius
Fissidens grandifolius is characterized by its limbate leaves, large cells, and 1-4 setae per perichaetium, inclined capsules, stalked axillary perigonial buds and dwarf male plants at the base of perichaetial stems. The limbidia are uni-to bistratose. There are typically ± 32 columns of exothecial cells, but sometimes more, due to extra cell divisions on one side of the capsule. The species is highly variable in size and cell size. Sporophytic stems tend to be taller and have longer leaves than vegetative ones, and more often have pinnately arranged leaves. A small expression was identified by Shevock et al. (2013) as F. palmatus. Based on the available material it seemed impossible to demonstrate a sharp distinction between small and large expressions. Fissidens grandifolius can also be confused with F. flaccidus. For differences see under the latter.
Fissidens palmatus and F. grandifolius. Both F. palmatus and the African F. grandifolius display two expressions. As indicated above, the African F. grandifolius has large and small expressions which are not sharply separated. Pursell's (2007) concept of Neotropical F. palmatus is broad and includes F. palmatus Hedw. s.str. with percurrent costae as well as expressions with costae that end well below the apex. The latter used to be known as F. reticulosus (Müll. Hal.) A. Jaeger in the Neotropics. Small non-sporophytic expressions of the African F. grandifolius resemble the F. re ticulosus expression; indeed, one specimen was reported as F. palmatus by Shevock et al. (2013) . The two species may prove to be conspecific in future but the situation is complex. It seems significant that F. palmatus s.str. is unknown from Africa, whereas the large expression of F. gran difolius is restricted to West Africa. In contrast to F. palmatus in the Neotropics, F. grandifolius has sporophytic plants that tend to be taller and to have longer leaves, (3.3-3.9 mm versus up to 2.8 mm long) and more setae (1-4 per perichaetium, versus 1-2). There may be differences in cell size as well, but this could not be established as it is not clear which cells were measured for the Neotropical monograph. More material from both continents is needed for taxonomic decisions. Pending this, the collection from São Tomé earlier reported as F. palmatus (Shevock et al. 2013 ) is here tentatively included in F. grandifolius.
Substrate and habit. On soil and wood. Growing in mats or scattered among other mosses.
Habitat. Often not indicated, forest including a riverine forest. Illustrations: Potier de la Varde (1926: f. 25, 1; 1929: fig. I, 1 & II,1a, b; 1936: f. 4, 1 -same figure  as 1926 Stem frondose, unbranched, 1.0-1.7 × 1.5 mm (only fertile plants seen); rhizoids numerous, basal and from stem cortex, hyaline, ± smooth; leaves close, 3-8 pairs, crispate when dry (impossible to revive without KOH), elliptico-lanceolate to oblanceolate, acute-acuminate ending in pointed cell, 1.0-1.2 × 0.2-0.3 mm, 4-6 times as long as wide, limbate; limbidium on all laminae of all welldeveloped leaves, reaching leaf apex and fusing with costa, confluent at apex of vaginant laminae, becoming weak towards insertion of vaginant laminae, ± reaching insertion of dorsal lamina, in mid dorsal laminae 18 μm wide, 1-2-stratose (estimated), marginal; on vaginant lamina 22.5 µm wide, lax, marginal; vaginant lamina 1/3-2/3 of leaf length, at base about as wide as stem, almost closed; dorsal lamina narrowing towards insertion, reaching insertion, not decurrent; costa ex-to percurrent; mid dorsal laminal cells hexagonal, 30.0-52.5 × 15.0-18.0 µm, smooth; mid vaginant laminal cells up to 60 µm long. No gemmae seen.
Fertile parts, perigonia numerous, terminal on short, ± 0.35 mm long, bud-shaped plants at base of female plants, antheridia not seen; perichaetia terminal, perichaetial leaves 1.5-1.7 × 1.5 mm, archegonia not seen; calyptra not seen. Sporophyte, seta 3.5-5.0 mm long, smooth, 1 per perichaetium; capsule erect to slightly inclined, 0.5 × 0.45 mm, with ca 32 columns of oblong exo thecial cells with strongly thickened corners; peristome scariosustype, teeth at base 33.0-40.5 µm wide; operculum long-rostrate, 0.6 mm long; spores 9-12 µm long, smooth.
This tiny species is characterized by its frondose stems, over 30 µm long laminal cells, completely limbate leaves, per-to excurrent costae, a scariosustype peristome and ± 32 columns of exothecial cells on the capsule. It can be confused with F. flaccidus, which is larger and has shorter costae, and with F. zollingeri, which has half as large mid dorsal laminal cells. Fissidens minutifolius further resembles the subgenus Fissidens species F. aciphyllus Dixon and F. magnicellulatus Brugg.-Nann., which both differ in having a higher number of exothecial cells (40 columns or more) and a bryoides-type peristome. F. aciphyllus Dixon and F. magnicellu latus Brugg.-Nann. are very similar; and it cannot be ruled out that F. magnicellulatus will prove to be a perichaetial expression, with relatively large cells, of F. aciphyllus.
Remarks. Due to the paucity of the available material, no cross sections were made. Features that can only be observed when leaves are removed (e.g., axillary nodules) are also excluded from the description.
Habitat, substrate and habit. In forest on soil. Sparsely scattered among F. grandifolius plants, covered with dirt. No vegetative stems observed, probably heterocaulous, perichaetial stems 0.60-1.50 × 0.45-1.50 mm, unbranched, frondose; persistent filamentous protonema well developed; rhizoids basal, hyaline to pale brown, smooth; axillary nodules weakly differentiated; leaves imbricate, 2-5 pairs, slightly crispate when dry, lanceolate, acuminate-mucronate (perichaetial leaves), 0.7-1.6 × 0.15-0.3 mm, 3.5 times as long as wide, margins limbate, serrate where elimbate, limbidia frequently intramarginal on all laminae, extension and occurrence variable, typically present on all laminae, in perichaetial leaves not or ± confluent at apex of vaginant laminae and ± reaching leaf apex or ending well below it, in lower leaves less developed; often becoming ill-defined towards insertion of vaginant lamina; reaching insertion of dorsal lamina or ending well above it, in mid dorsal lamina 19 µm wide, unistratose (estimated), marginal or intramarginal; on vaginant laminae 16-24 µm wide, unistratose (estimated), marginal or intramarginal by one row of cells; vaginant lamina 3/5 of leaf length, at base narrower than stem, unistratose, slightly open; dorsal lamina tapering towards insertion, in perichaetial leaves reaching insertion to ending well above, not decurrent; dorsal and apical lamina unistratose; costa long excurrent in perichaetial leaves, per-to long excurrent in lower leaves; mid dorsal laminal cells hexagonal, large, 25.0-38.5 × 13.0-21.5 µm, smooth, plane; mid vaginant laminal cells oblonghexagonal, 25.5-70.5 × 11.5-24.0 µm, smooth, plane. Gemmae 150 × 25 µm, monoseriate, growing from persistent protonema.
Fertile parts, perigonia terminal on small, ± 0.4 mm tall plants at base of perichaetial plants; antheridia ± 100 µm long; perichaetia terminal; perichaetial leaves 0.7-1.2 mm long; archegonia ± 180 µm long; calyptra 0.4 mm long, smooth. Stem without or with weak central strand, hardly heterocaulous, unbranched to frequently branched, 2.4-5.0 × 1.7-3.5 mm; rhizoids basal and from basal stem cortex, brown, smooth; axillary nodules differentiated or not; leaves frondosely to pinnately arranged, crowded to distant, 3-12 pairs, crispate when dry, elliptical to elliptic-lanceolate or obovate-lanceolate with acute to acute-acuminate to mucronate apex, (1.1-)1.5-2.5(-3.0) × 0.2-0.5 mm, 3.0-6.0(-7.5) times as long as wide, limbate on all laminae of all leaves; limbidia reaching leaf apex, often becoming indistinct at apex or sometimes ending below it, confluent at junction of vaginant laminae, reaching insertion of vaginant lamina, reaching insertion of dorsal lamina or ending slightly above, in mid dorsal lamina 6-19 µm wide, (1-)2-stratose; on vaginant laminae 15-40 µm wide, 1-2(-3)-stratose, marginal to weakly intramarginal near insertion; vaginant laminae 1/5-2/3 of leaf length, at base narrower than stem, closed, unistratose; dorsal laminae tapering below, straight to slightly rounded at base, reaching insertion or not, not decurrent; dorsal and apical lamina unistratose; costa percurrent to longexcurrent, bryoides-type; mid dorsal laminal cells hexagonal, variable in size (6.5-)11.0-27.0 × 4.5-14.5(-19.5) µm, smooth, plane; mid vaginant lami nal cells hexagonal to oblong, (10.0-)14.0-36.5 × (5.0-)9.0-16.0(-18.5) µm; basal vaginant laminal cells oblong, (18-)34.5-81(-94.5) × (6.5-)10.5-24.5(-31) µm. Gemmae on short axillary rhizoids, uniseriate multicellular, once in terminal cluster on short stalks, 0.6-0.7 × 0.1 mm, rare.
Fertile parts. Perigonia and perichaetia on separate stems or on same stem, synoicia rare; perigonia terminal on 0.85-3.00 mm long stems, also on budlike, 0.6-1.1 mm long branches; an theridia 120-300 µm long; perichaetia terminal on stems and/or branches; perichaetial leaves slightly longer than stem leaves, 1.1-3.0 mm long; arche gonia 200-400 µm long; calyptra 0.6-0.8 mm long, smooth. Sporophyte, seta 3.5-6.5 mm long, smooth, 1-2 per perichaetium; capsule erect to suberect, 0.40-0.90 × 0.20-0.45 mm, with ca 32, oblong or quadrate-oblong exo thecial cells with thin walls and thickened corners; peristome scariosus-type, tooth base 33-53 µm wide; operculum rostrate, 0.55-0.80 mm long; spores (7.0-)9.0-14.5 × (5.0-)8.0-12.5 µm, papillose to smooth.
Fissidens zollingeri is a heterogeneous species.
Features common to all specimens are the limbidia on all laminae of all leaves, per-to excurrent costa, smooth, medium-sized laminal cells, and when sporophytes are present ± 32 columns of exothecial cells around the capsule. The combination of this last character with limbate leaves and smooth, medium-sized cells is rare in the Fissidentaceae. Stems can be short and frondose with imbricate leaves, but collections with longer stems and pinnately arranged leaves are not rare. The juxta-costal cells of the vaginant laminae are typically large and clear (usually easily visible at 5× magnification) and conspicuously inflated (Fig. 9D, H, I ); hyaline axillary nodules are present or not. In the majority of specimens the limbidia reach the leaf apex and the insertion of the dorsal lamina, but in a fair number the limbidia become weak towards the leaf apex or end below it and/or end above the insertion of the dorsal lamina. Mid dorsal laminal cells vary in size at (6.5-)11.0-27.0 × 4.5-14.5(-19.5) µm. Cell size differs greatly between specimens. In most specimens the mid dorsal laminal cells are ± 16 µm long, but collections with smaller or larger cells (though always less than 30 µm) are regularly found. Specimens with small cells , which is distinct with its mammillose laminal cells, and with species of subgenus Fissidens. With the latter it shares limbate leaves and smooth laminal cells, but species of subgenus Fissidens have sporophytes with 40 or more columns of exothecial cells around the theca, and also bryoides-type peristomes. In tropical Africa the subgenus Fissidens species with which F. zollingeri is most likely to be confused is F. curvatus Hornsch. Apart from the differences in sporophytic characters, this species is distinct for being heterocaulous (that is, having vegetative stems that differ markedly from shorter perichaetial ones).
Selected illustrations: Bruggeman-Nannenga (2006b: fig. 26 ), Bruggeman-Nannenga & Arts (2010: fig. 38 ), Bruggeman-Nannenga (2011: fig. 44 ), Iwatsuki & Suzuki (1982: pl. XIII), Pursell (1994: fig. 51; 2007: fig. 123, l-u The protologue is of a species with large cells, limbate leaves, and costae ending far below the apex. It is excluded since the type could not be located.
